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METHOD FOR PRODUCING CARBON
NANOFIBER SUPPORTING METAL FINE
PARTICLE

TECHNICAL FIELD

[0001] The present invention relates to a method for pro-
ducing a carbon nanofiber supporting a metal fine particle 1n
which the metal fine particles are supported 1n high dispersion
and sintering of the metal fine particles 1s restrained.

BACKGROUND ART

[0002] The usage environment for the alkaline fuel cell 1s
alkaline-environment and 1s not a strong acidic environment
unlike the proton-exchange membrane tuel cell. Accordingly,
catalyst materials are unlikely to be corroded. Thus, the alka-
line fuel cell has an advantage that 1t can use a nonnoble metal
catalyst (such as Fe, Co, and Ni) therein. In the alkaline fuel
cell, 1t 1s necessary to finely-dispersing the catalytic metal 1n
nano-size and to stabilize them to enhance the catalyst char-
acteristics.

[0003] Patent Document 1 discloses a method which com-
prises steps of: preparing a solution containing an organome-
tallic compound mixed into a mitrogen-containing polymer
(such as polyacrylonitrile) ; producing an organic metal-con-
taining polymer fiber by an. electro spinning process; and
turther, burning the fiber and producing a carbon nanofiber
supporting a metal fine particle. In this method, 1t 1s possible
to obtain a carbon nanofiber supporting a metal fine particle
which has the metal fine particles supported 1n high disper-
sion. Further, the Patent Document 1 discloses that it 1s pos-
sible to use the obtained carbon nanofiber supporting a metal
fine particle for a fuel cell.

[0004] Patent Document 1: Japanese Patent Application
Laid-Open (JP-A) No. 2007-515364

[0005] Patent Document 2: WO 2005/028719

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0006] However, the method disclosed 1n the Patent Docu-
ment 1 conducts burning process further after the electro
spinning process. Accordingly, the nitrogen-containing poly-
mer (such as polyacrylonitrile) used as the material 15 com-
pletely carbonized and the metal fine particles are made 1nto
a state where the fine particles are simply supported on the
carbon nanofiber. As such, graimn growth (sintering) in the
metal fine particles 1s easily caused 1n high-temperature envi-
ronment and problems such as deterioration in catalyst func-
tion are raised.

[0007] The present ivention was attained 1n view of the
above-mentioned situation and a main object thereof 1s to
provide a method for producing a carbon nanofiber support-
ing a metal fine particle in which the metal fine particles are
supported 1n high dispersion and sintering of the metal fine
particles 1s restrained.

Means for Solving the Problem

[0008] To attain the object, the present invention provides a
method for producing a carbon nanofiber supporting a metal
fine particle comprising a step of: spinning a material com-
position which contains a nitrogen-contaiming polymer,
including a nitrogen element and capable of forming a car-
boon nanofiber, and an organometallic compound by an elec-
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tro spinnming process, and the spinning 1s conducted under a
condition which keeps the nitrogen element remained to the
carbon nanofiber and allows the formation of the carbon
nanofiber.

[0009] In the present invention, by keeping the nitrogen
clement remained to the carbon nanofiber, it 1s possible to
coordinate the nitrogen element: to the metal fine particle.
Thereby, binding between the metal fine particle and the
carbon nanofiber becomes stronger compare to the case
where the metal fine particles are simply supported on the
carbon nanofiber. As a result, 1t becomes possible to restrain
the sintering of the metal fine particles.

[0010] In the present invention, the nitrogen-containing
polymer 1s preferably polyacrylonitrile. Thereby, formation
of a carbon nanotube becomes easy.

[0011] In the present invention, 1t 1s preferable that a plu-
rality of metal complexes having different central metals are
used as the organometallic compound. Thereby, a carbon
nanofiber supporting a metal fine particle having different
metal fine particles highly-dispersed 1s obtained.

[0012] Inthe present invention, the plurality of metal com-
plexes are preferably a Fe-containing complex, a Ni-contain-
ing complex, and a Co-containing complex. Thereby, it
becomes possible to obtain a carbon nanofiber supporting a
metal fine particle which exhibits a useful catalyst function in
a direct ethanol alkaline fuel cell for example.

[0013] In the present mnvention, 1t 1s preferable that a mag-
netic susceptibility of each central metal of the plural metal
complexes 1s different and a magnetic field 1s applied 1n a
direction crossing to an injection direction of the material
composition. By applying a voltage to the magnetic field, the
metal {ine particles formed by the metal complex are provided
according to the magnetic susceptibility of each metal, and 1t
becomes possible to obtain a carbon nanofiber supporting a
metal fine particle having plural metal fine particles arranged
regularly.

EFFECT OF THE INVENTION

[0014] The present invention attains an effect of providing
a carbon nanofiber supporting a metal fine particle in which
the metal fine particles are supported 1n high dispersion and
sintering of the metal fine particles 1s restrained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 1s an explanatory diagram explaining one
embodiment of the method for producing a carbon nanofiber
supporting a metal fine particle of the present invention.
[0016] FIGS.2Ato2D are an explanatory diagram explain-
ing the chemical reaction of forming the carbon nanofiber
from polyacrylonitrile.

[0017] FIG. 3 1s an explanatory diagram explaining another
embodiment of the method for producing a carbon nanofiber
supporting a metal fine particle of the present invention.
[0018] FIG. 4 1s an explanatory diagram explaining the
carbon nanofiber supporting a metal fine particle formed
when the predetermined magnetic field 1s applied using a
Fe-containing complex, a Ni-containing complex, and a Co-
containing complex.

[0019] FIGS. 5A and 5B are an explanatory diagram
explaining oxidation of ethanol.

[0020] FIG. 61sa graph showing the results of XPS analysis
made on the carbon nanofibers supporting metal fine particles
obtained in Example 1 and Comparative Example 1.
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[0021] FIG. 7 1s a graph showing the results of I-V proper-
ties of the alkaline fuel cells obtained 1n Example 2 and
Comparative Example 2.

DESCRIPTION OF REFERENCE NUMERALS

[0022] 1 Material composition
[0023] 2 Syringe
[0024] 3 Nozzle
[0025] 4 Collector
[0026] 5 High-voltage generator
BEST MODE FOR CARRYING OUT THE
INVENTION
[0027] Heremafter, the method for producing a carbon

nanofiber supporting a metal fine particle of the present
invention will be explained 1n detail.

[0028] A method for producing a carbon nanofiber support-
ing a metal fine particle of the present invention comprises a
step ol: spinning a material composition which contains a
nitrogen-contaiming polymer, mncluding a nitrogen element
and capable of forming a carbon nanofiber, and an organo-
metallic compound by an electro spinning process, and the
spinning 1s conducted under a condition which keeps the
nitrogen element remained to the carbon nanofiber and allows
the formation of the carbon nanofiber.

[0029] In the present invention, by keeping the mitrogen
clement remained to the carbon nanofiber, it 1s possible to
coordinate the mitrogen element to the metal fine particle.
Thereby, binding between the metal fine particle and the
carbon nanofiber becomes stronger compare to the case
where the metal fine particles are simply supported on the
carbon nanofiber. As a result, 1t becomes possible to restrain
the sintering of the metal fine particles. Further, since the
present invention employs the electro spinning process, it 1s
possible to obtain a carbon nanofiber supporting a metal fine
particle in which the metal fine particles are highly-dispersed
1N NANOs1Ze.

[0030] Conventionally, a burning process 1s carried out fur-
ther after an electro spinning process to increase crystalline
properties of a carbon nanofiber. This 1s to avoid a nitrogen
clement remaining to a carbon nanofiber because 1t 1s not
preferable from viewpoints such as electron conductivity. In
other words, a carbon nanofiber with a nitrogen element
remained has been considered as a defective product. On the
contrary, in the present invention, the nitrogen element is
positively kept remained to the carbon nanofiber, and thereby,
binding between the metal fine particle and the carbon nanofi-
ber 1s made strong. As a result, 1t 1s made possible to restrain
the sintering of the metal fine particles.

[0031] Further, when a metal fine particle 1s used as a cata-
lyst for example, i1t 1s assumed that the metal fine particle
surface 1s oxidized by contacting to oxygen and the catalyst
function thereot 1s lowered. In the present invention, by coor-
dinating the mitrogen element remained to the carbon nanofi-
ber to the metal fine particle, 1t becomes difficult to oxidize
the metal fine particle surface and becomes possible to
restrain the lowering of the catalyst function. Further, since it
1s possible to use an organometallic compound containing
clements such as iron, nickel and cobalt in the present mnven-
tion, 1t 1s possible to produce a catalyst for a fuel cell and the
like at low cost. Moreover, since the carbon nanofiber i1s
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generally excellent in its strength, elasticity, and electron
conductivity, 1t 1s particularly useful for an application to a
fuel cell and the like.

[0032] FIG. 1 1s an explanatory diagram explaining one
embodiment of the method for producing a carbon nanofiber
supporting a metal fine particle of the present mvention. In
FIG. 1, a material composition 1 comprising a nitrogen-con-
taining polymer (such as polyacrylonitrile), an organometal-
lic compound (such as 1ron(lll)acetylacetonate, nickel(II)
acetylacetonate, and cobalt(Ill)acetylacetonate), and a
solvent (such as N, N-dimethylformamide) 1s prepared first
and filled 1nto a syringe 2. A nozzle 3 of the syringe 2 and a
collector 4 are each connected to a high-voltage generator 5
so that 1t 1s possible to apply the predetermined voltage
thereto. Next, the material composition 1 1s injected from the
syringe 2 while applying the predetermined voltage. Thereby,
the material composition 1 1njected from the syringe 2 1s
instantly heated to high temperature and the mitrogen-con-
taining polymer contained in the material composition 1
becomes a carbon nanofiber. At that point, 1n the present
invention, the nitrogen element remains to the carbon nanofi-
ber and a spinning 1s conducted under a condition which
allows the formation of the carbon nanofiber.

[0033] FIGS. 2Ato2D are an explanatory diagram explain-
ing the chemical reaction of forming a carbon nanofiber from
polyacrylonitrile. Polyacrylonitrile (FIG. 2A) 1s condensed
by heating and a hetero ring structure 1s formed (FIG. 2B).
Condensation reaction 1s further progressed by a longer heat-
ing (FIG. 2C) and a carbon nanofiber having no nitrogen
clement 1s obtained eventually (FIG. 2D). In the present
invention, the nitrogen element remains to the carbon nanofi-
ber and a spinning 1s conducted under a condition which
allows the formation of the carbon nanofiber. Thereby, the
carbon nanofiber supporting a metal fine particle obtained
becomes a carbon nonofiber in which thus remained nitrogen
clement 1s coordinated to the metal fine particle. By making a
binding between the nitrogen element and metal, 1t becomes
possible to obtain the carbon nanofiber supporting a metal
fine particle which restrains the sintering of the metal fine
particles.

[0034] In the present invention, the term “carbon nanofi-
ber” denotes a fibrous carbon having a nano order diameter
and a carbon nanotube 1s 1ncluded therein.

[0035] Hereinafter, each steps of the present invention will
be explained.

1. Spinning Step

[0036] A spinning step 1n the present invention 1s a step of
spinning a material composition which contains a nitrogen-
containing polymer, ncluding a nitrogen element and
capable of forming a carbon nanofiber, and an organometallic
compound by an electro spinning process, and the spinning 1s
conducted under a condition which keeps the nitrogen ele-
ment remained to the carbon nanofiber and allows the forma-
tion of the carbon nanofiber.

(1) Material Composition

[0037] First, a material composition used in the present
invention will be explained. The material compositionused 1n
the present invention normally contains a nitrogen-contain-
ing polymer, an organometallic compound, and a solvent.

[0038] The nitrogen-containing polymer 1s not particularly
limited as long as 1t 1s a polymer which includes a nitrogen
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clement and capable of forming a carbon nanofiber. Gener-
ally, a polymer which 1s condensed by heating and capable of
forming a hetero ring structure 1s regarded as a polymer
capable of forming a carbon nanofiber. As examples of the
nitrogen-containing polymer, mentioned can be made of
polyacrylonitrile, poly(acrylonitrile-acrylic acid), poly(acry-
lonitrile-butadiene), and polystyrene-polyamic acid. Among
them, polyacrylonitrile 1s preferable.

[0039] The average molecular weight of the mitrogen-con-
taining polymer 1s not particularly limited as long as the
polymer 1s capable of forming a carbon nanofiber. For
example, when the nitrogen-containing polymer 1s polyacry-
lonitrile, the weight-average molecular weight Mw 1s prefer-

ably within the range of 8,000 to 13,000.

[0040] A concentration of the nitrogen-containing polymer
of the material composition i1s preferably within the range of
50 vol % to 80 vol % for example. It becomes possible to
elfectively form a carbon nanofiber 1f the concentration is
within the above-mentioned range.

[0041] On the other hand, the organometallic compound
used for the material composition 1s not particularly limited
as long as 1t 1s a compound which can form metal fine par-
ticles by the electro spinning process. In particular, the orga-
nometallic compound i1s preferably a metal complex 1n the
present invention. As examples of the metal complex, men-
tion can be made of a transition metal-based complex such as
a Fe-containing complex, a Ni-containing complex, a Co-
containing complex, a Mn-containing complex, a Mo-con-
taining complex, Cu-containing complex, a Cr-containing,
complex; and a noble metal-based complex such as a Pt-
containing complex, a Pd-containing complex, a Rh-contain-
ing complex, a Ru-contaiming complex, a Au-containing
complex, and a Ag-containing complex.

[0042] As an example of the Fe-containing complex, sub-
stance such as 1ron (I11I) acetylacetonate 1s specifically cited.
As an example of the Ni-containing complex, substance such
as nickel(Il)acetylacetonate 1s specifically cited. As an
example of the Co-containing complex, substance such as
cobalt(Ill)acetylacetonate 1s specifically cited.

[0043] In the present invention, the material composition
may contain a single organometallic compound or plural
organometallic compounds. When the material composition
contains plural metal complexes, each central metal of the
plural metal complexes may be the same or different. In
particular, 1t 1s preferable in the present mvention to use a
plurality of metal complexes having different central metals.
Thereby, 1t becomes possible to obtain a carbon nanofiber
supporting a metal fine particle in which different metal fine
particles are highly-dispersed. By interactions of different
metal fine particles, a carbon nanofiber supporting a metal
fine particle having an improved catalyst function can be
obtained for example.

[0044] When the material composition contains a plurality
of metal complexes, the plurality of metal complexes are
preferably a Fe-containing complex, a Ni-containing com-
plex, and a Co-containing complex. Thereby, for example, 1t
becomes possible to obtain a carbon nanofiber supporting a
metal fine particle exhibiting useful catalyst function for a
direct ethanol alkaline fuel cell.

[0045] A concentration of the (single) organometallic com-
pound of the material composition 1s preferably within the
range of 5 wt % to 30 wt % for example. When the concen-
tration 1s within the above-mentioned range, it becomes pos-
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sible to obtain a carbon nanofiber supporting a metal fine
particle having metal fine particles further highly-dispersed.
[0046] Further, a solvent used 1n the material composition
1s not particularly limited as long as 1t 1s a solvent which 1s
capable of dispersing the nitrogen-containing polymer and
organometallic compound. As specific examples of the sol-
vent, mention can be made of acetone, chloroform, ethanol,
1sopropanol, methanol, toluene, tetrahydrofuran, water, ben-
zene, benzyl alcohol, 1,4 dioxane, propanol, methylene chlo-
ride, carbon tetrachloride, cyclohexane, cyclohexanone, phe-
nol, pyrnidine, trichloroethane, acetic acid, N,N-
dimethylformamide, acetonitrile, N-methylmorpholine-N-
oxide, 1,3-dioxolan, and methyl ethyl ketone.

[0047] The material composition 1s formed, for example,
by mixing the nitrogen-containing polymer, the organome-
tallic compound(s), and a solvent, and stirring the mixture. A
stirring time 1s not particularly limited as long as 1t 1s possible
to obtain a uniform material composition. For example, 1t 1s
preferably within the range of 24 to 100 hours.

(2) Spinning Condition

[0048] Next, spinning conditions for the present invention
will be explained. In the present invention, the spinming of the
material composition 1s conducted by an electro spinmng
process under a condition which keeps the nitrogen element
remained to the carbon nanofiber and allows the formation of
the carbon nanofiber. In general, the electro spinming process
1s a method 1 which a high voltage 1s applied to a material
composition and the same 1s 1njected to form a nanofiber.
[0049] In the present invention, the carbon nanofiber sup-
porting metal fine particle does not always need to have high
crystalline properties. In the present invention, 1t 1s regarded
as being possible to form the carbon nanofiber as long as a
carbon nanofiber, which can exhibit the desired electron con-
ductivity, 1s obtained.

[0050] In the present invention, an apparatus to inject the
material composition is not particularly limited as long as 1t 1s
an apparatus which can inject the material composition from
a nozzle of a small diameter. A diameter of the nozzle 1s
preferably within the range of 10 um to 300 um for example.
When the diameter of the nozzle 1s too large, there arises a
possibility 1n failing to generate a uniform condensation reac-
tion, and when the diameter of the nozzle 1s too small, there
arises a possibility to cause clogging.

[0051] A feeding rate of injecting the material composition
from the nozzle 1s preferably within the range 01 0.05 ml/m to
0.3 ml/m for example. As long as the feeding rate 1s within the
above-mentioned range, 1t 1s possible to obtain a carbon
nanofiber supporting a metal fine particle having the metal
fine particle further highly dispersed.

[0052] A distance between the tip of the nozzle to the col-
lector 1s preferably within the range of 5 cm to 50 cm for
example. As long as the distance 1s within the above-men-
tioned range, 1t 1s possible to obtain a carbon nanofiber sup-
porting a metal fine particle having the metal fine particle
turther highly dispersed. Further, a direction to inject the
material composition from the nozzle 1s not particularly lim-
ited and the direction may be vertical to or may have the
predetermined angle to the collector surface.

[0053] Inthe t present invention, the material composition
1s 1njected in a state where the predetermined voltage is
applied between the nozzle and the collector. A strength of the
clectric filed applied 1s preferably within the range of 1 kV/cm
to 3 kV/cm for example. The electro spinning process does
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not depend on a direction of the electric field as long as 1t 1s
possible to form an electric field between the nozzle and the
collector. Thus, the collector may be grounded or the nozzle
may be grounded.

[0054] Further, an atmosphere in injecting the material
composition 1s not particularly limited in the present imnven-
tion. It may be under an oxygen atmosphere or an inert gas
atmosphere.

[0055] Inthe present invention, it 1s preferable that a mag-
netic susceptibility of each central metal of the plural metal
complexes 1s different and a magnetic field 1s applied 1n a
direction crossing to an injection direction of the material
composition. By applying a voltage to the magnetic the metal
fine particles formed by the metal complex are provided
according to the magnetic susceptibility of each metal, and 1t
becomes possible to obtain a carbon nanofiber supporting a
metal fine particle having plural metal fine particles arranged
regularly. Specifically, as shown 1n FIG. 3, a material com-
position 1 containing a nitrogen-containing polymer, an crga-
nometallic compound, and a solvent is filled 1n a syringe and
the predetermined voltage 1s applied thereto by a high-voltage
generator 3. Further, the magnetic field 1s applied 1n a direc-
tion B which crosses to a direction A, that 1s the direction of
injecting the material composition 1 out of the nozzle 3 of the
syringe 2. Thereby, 1t 1s possible to obtain a carbon nanofiber
supporting a metal fine particle having plural metal fine par-
ticles arranged regularly.

[0056] FIG. 4 1s an explanatory diagram explaining the
carbon nanofiber supporting a metal fine particle formed
when the predetermined magnetic field 1s applied using a
Fe-containing complex, a Ni-containing complex, and a Co-
containing complex. The respective magnetic susceptibility
of each central metal satisfies the relation: Fe**>Co™>Ni*".
Thus, as shown 1n FIG. 4, Fe, which has the largest magnetic
susceptibility, moves most along the magnetization direction
B; Ni, which has the smallest magnetic susceptibility moves
least along the magnetzatation direction B; and Co, which has
the medium magnetic susceptibility, moves to the position
about in the between. Fe and Ni. Thereby, it becomes possible
to obtain a carbon nanofiber supporting a metal fine particle
having each metal fine particles of Fe, Co, and Ni arranged
regularly.

[0057] The carbon nanofiber supporting a metal {ine par-
ticle having each metal fine particles of Fe, Co, and Ni
arranged regularly can exhibit useful catalyst function by
applying to, for example, a direct ethanolalkaline fuel cell.
The reaction mechanism of the catalyst 1n the anode side of
the direct ethanolalkaline fuel cell 1s not yet clarified, but it 1s
thought mainly that N1 cuts the C—C bond off, Co cuts the
C—H bond off, and Fe plays an important role 1n cutting the
C—O bound. Here, when each metal fine particle of Fe, Co,
and N1 are randomly aligned conventionally, the alignment of
the metal catalyst 1s not suitable 1n cutting the various bonds.
Specifically, as shown 1n FIG. SA, oxidation of ethanol can-
not be performed etffectively at the portion where the N1 metal
fine particles are dense. In contrast, when each metal fine
particle of Fe, Co, and N1 are aligned regularly, the alignment
of the metal catalyst 1s suitable in cutting the various bonds as

shown 1n FIG. 5B so that 1t 1s possible to effectively perform
the oxidation of ethanol.

[0058] A direction to apply the magnetic field 1s not par-
ticularly limited as long as it 1s a direction crossing to the
injection direction of the material composition. In particular,
the direction 1s preferably a direction which 1s orthogonal to
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the 1njection direction of the material composition. Thereby,
the metal fine particles are aligned regularly along the diam-
cter direction of the carbon nanofiber. Further, 1t 1s preferable
that a strength of the magnetic field applied 1s appropnately
selected according to a factor such as a composition of the
material composition. The place to apply the magnetic field 1s
normally between the part where the material composition 1s
to be 1mnjected and the collector. Further, 1n the present inven-
tion, the magnetic susceptibility of each central metal of the
plural metal complexes 1s preferably different to the extent
that 1t effects the alignment of the metal fine particles.
[0059] 2. Burning Step

[0060] Inthe present invention, a burming step may be con-
ducted after the above-mentioned spinning step. In the
present ivention, it 1s possible to sufliciently carbonize the
material composition by suitably adjusting factors such as a
strength of the electric field at the time of the electro spinning
process 1n the spinning step. However, when the carboniza-
tion 1s insuificient in the spinning step for example, the
amount of the nitrogen element remained to the carbon
nanofiber may be adjusted by conducting the burning step and
thereby re-progressing the condensation reaction. Similarly
to the above-mentioned spinning step, 1t 1s necessary for the
burning step in the present invention to conduct the step under
a condition which keeps the nitrogen element remained. to the
carbon nanofiber and allows the formation of the carbon
nanofiber.

[0061] A burning method i1s similar to the burning method
employed 1n producing a general carbon nanofiber and a
method of using a baking furnace 1s specifically cited. A
burning temperature 1s not particularly limited as long as it 1s
a temperature which progresses a condensation reaction of
the target. For example, 1t 1s preferably within the range of
180° C. to 300° C. Further, the burning step 1s generally
conducted under an atmosphere which does not contain oxy-
gen substantially. This 1s to prevent the lost of carbon. An
oxygen density to conduct the burning step 1s, for example,
preferably 20 ppm or lower and more preferably 10 ppm or
lower. In general, burning 1s conducted while circulating an
inert gas such as nitrogen or argon gas.

[0062] 3. Carbon Nanofiber Supporting a Metal Fine Par-
ticle
[0063] Next, a carbon nanofiber supporting a metal fine

particle obtained in the present invention will be explained.
The carbon nanofiber supporting a metal fine particle
obtained 1n the present invention comprises a carbon nanofi-
ber having a nitrogen element remained and a metal fine
particle forming a coordinate bond with the nitrogen element.
[0064] A diameter of the carbon nanofiber is preferably
within the range of 1 nm to 100 nm for example. Further, a
length of the carbon nanofiber 1s preferably 10 um or longer
for example.

[0065] A diameter of the metal fine particle supported on
the carbon nanofiber 1s not particularly limited. It 1s prefer-
ably within the range of 0.1 nm to 100 nm for example.

[0066] Further, as an example of the application of the
carbon nanofiber supporting a metal fine particle, usage as a
catalyst 1s cited. When the carbon nanofiber supporting a
metal fine particle 1s used as a catalyst, the catalyst can be
further used, for example, for a fuel cell. In particular, 1t 1s
preferable to use the catalyst for an alkaline fuel cell.

[0067] The present mvention 1s not limited to the above
embodiments. The embodiments are 1illustrations and any
variations and modifications which have the substantially
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same structure as the technical idea described 1n claims of the
present invention and achieve the same operation effect are
encompassed 1n the technical scope of the present invention.

EXAMPLES

[0068] Hereinafter, the present invention will be further
specifically explained by way of examples.

Example 1

[0069] Mixed for 48 hours were polyacrylonitrile (PAN,
weilght-average molecular weight Mw 84500, manufactured
by Sigma-Aldrich Japan K.K.) of 7 parts by weight which 1s
a nitrogen-containing polymer, 1ron(lll)acetylacetonate
(manufactured by Sigma-Aldrich Japan K.K.) of 5 parts by
weight which 1s a Fe-containing complex, nickel(Il)acetylac-
ctonate (manufactured by Sigma-Aldrich Japan K.K.) of 5
parts by weight which 1s a Ni-containing complex, cobalt(I1I)
acetylacetonate (manufactured by Sigma-Aldrich Japan
K.K.) of 5 parts by weight which 1s a Co-containing complex,
and N,N-dimethylformamide (manufactured by Sigma-Ald-
rich Japan K.K.) of 90 parts by weight which 1s a solvent.
Thereby, a material composition was produced.

[0070] The obtained material composition was spun by an
clectro spinning process using an apparatus illustrated in FIG.
1. At this time, an inner diameter of the nozzle was 50 um, a
distance between the nozzle and the collector was 30 cm, a
strength of an electric field was 2 kV/cm, and a feeding rate
was 0.1 ml/m. Afterwards, thus obtained nanofiber was firstly
dried 1n air at 60° C. for 2 hours, and heated under nitrogen
atmosphere at atemperature range of 180° C. 10 300° C. for 16
hours. A carbon nanofiber supporting a metal fine particle was
thereby obtained.

Comparative Example 1

[0071] The carbon nanofiber supporting a metal fine par-
ticle obtained in Example 1 was further heated under nitrogen
atmosphere at a temperature range of 1100° C. to 2000° C. for
2 hours and thereby a carbon nanofiber supporting a metal
fine particle of Comparative Example 1 was obtained.

[Evaluation 1]}

[0072] The carbon nanofiber supporting a metal {ine par-
ticles obtained in Example 1 and Comparative Example 1
were measured with an X ray photoelectron spectrometry
(XPS) apparatus. The results are shown 1n FIG. 6. As 1llus-
trated 1n FIG. 6, 1t was confirmed that the carbon nanofiber
supporting a metal fine particle obtained in Example 1
showed a peak representing the presence of nitrogen element
and that the nitrogen element of the nitrogen-containing poly-
mer, which was the material, remained to the carbon nanofi-
ber. On the other hand, it was confirmed that the carbon
nanofiber supporting a metal fine particle obtained in Com-
parative Example 1 did not show a peak representing the
presence of nitrogen element and that the nitrogen-containing,
polymer, which was the matenial, was completely carbonized.

Example 2

[0073] Using the carbon nanofiber supporting a metal fine
particle obtained 1n Example 1, an alkaline fuel cell was
produced. The carbon nanofiber supporting a metal {ine par-
ticle 01 0.5 g obtained 1n Example 1 was dispersed into water
of about 10 ml, thus obtained catalyst dispersion liquid was
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coated on a porous sheet made of nickel (nickel form, about 1
=thickness) (36 mm square, 0.3mm), and the resultant was
dried to prepare an anode electrode (0.3 mm thickness). On
the other hand, the carbon nanofiber supporting a metal fine
particle obtained in Example 1 01 0.5 g was dispersed together
with tetrafluoroethylene of 0.05 g into water of about 10 ml by
an ultrasonic dispersion, thus obtained catalyst dispersion
liquid was spray-coated on a porous sheet made of carbon
(carbon sheet, about 1 mm thickness) (36 mm square, 0.2
mm), and the resultant was dried to prepare a cathode elec-
trode. Next, an anionic exchange membrane (hydrocarbon-
based membrane, 40 um film thickness, 65 mm square) was
sandwiched between the anode electrode and the cathode
clectrode 1n such a manner that the membrane contacted to the
respective catalyst dispersion liquid-coated surfaces of the
anode electrode and the cathode electrode. The resultant was
placed to a cell j1g to prepare an alkaline fuel cell.

Comparative Example 2

[0074] Analkaline fuel cell was produced in the same man-
ner as 1n Example 2 except that the carbon nanofiber support-
ing a metal fine particle obtained 1n Comparative Example 1
was used.

[Evaluation 2]

[0075] TheI-V properties of the alkaline fuel cells obtained
in Example 2 and Comparative Example 2 were measured by

galvanostat under the following conditions. Results are
shown 1n FIG. 7.

<I-V Properties Measuring Conditions>

[0076] Anode fuel: KOH ethanol aqueous solution (ethanol
10 wt %, KOH 1M)

[0077] Anode fuel flow: about 600 ml/min

[0078] Cathode gas: air

[0079] Cathode gas flow: 130 ml/min

[0080] Temperature (thermostat bath temperature): 50° C.

[0081] Asshownin FIG. 7, 1t was confirmed that the output

density of the alkaline fuel cell of Example 2 showed a sub-

stantial improvement compare to that of the alkaline fuel cell

of Comparative Example 2.

1-5. (canceled)

6. A method for producing a carbon nanofiber supporting a
metal fine particle comprising a step of:

spinming a material composition which contains a nitro-
gen-contaiming polymer, including a nitrogen element
and capable of forming a carbon nanofiber, and an orga-
nometallic compound by an electro spinning process,
and the spinning 1s conducted under a condition which
keeps the nitrogen eclement remained to the carbon
nanofiber and allows the formation of the carbon nanofi-
ber.

7. The method for producing a carbon nanofiber supporting,
a metal fine particle according to claim 6, wherein the nitro-
gen-containing polymer 1s polyacrylonitrile.

8. The method for producing a carbon nanofiber supporting,
a metal fine particle according to claim 6, wherein a plurality

of metal complex having different central metals are used as
the organometallic compound.

9. The method for producing a carbon nanofiber supporting,
a metal fine particle according to claim 8, wherein the plural-
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ity ol metal complex are a Fe-containing complex, a Ni-
containing complex, and a Co-containing complex.

10. The method for producing a carbon nanofiber support-
ing a metal fine particle according to claim 8, wherein a
magnetic susceptibility of each central metal of the plural
metal complexes 1s different and a magnetic field 1s applied in
a direction crossing to an 1njection direction of the material
composition.
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11. The method for producing a carbon nanofiber support-
ing a metal fine particle according to claim 9, wherein a
magnetic susceptibility of each central metal of the plural
metal complexes 1s different and a magnetic field 1s applied in
a direction crossing to an injection direction of the material
composition.
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